An 80-year-old male was admitted to our hospital because of near-drowning in a hot spring. Besides hypoxia, serum calcium was extremely high at 15.5 mg/dL on admission. After the treatment with normal saline infusion, furosemide and calcitonin, the hypercalcemia was transient and didn't recur during the course. The hot spring water contained much calcium, so his hypercalcemia was considered to be a result of calcium absorption mainly through the alveoli. In this case, we revealed that serum calcium rose within a short time after drowning, suggesting the necessity to measure the calcium concentration of the drowning fluid in a near-drowning victim.
Introduction
Drowning is a life-threatening accident and care of hypoxia is the mainstay of therapy. The constitution of the aspirated water has rarely been considered to be important, except for the difference between sea-water and fresh water. Electrolyte disability in near-drowning victim has been a rare complication and has been considered to seldom need treatment. On the other hand, there are a few cases of lethal hypercalcemia complicating a neardrowning in unusual circumstances such as in the Dead Sea [1] . We report a case of severe hypercalcemia complicating a near-drowning in a hot spring.
Case Report
An 80-year-old male was admitted to our hospital. He has a past history of hypertension and ventriculoperitoneal shunt after subarachnoid hemorrhage. His regular medications were famotidine, olmesartan, and amlodipine. He was found drowning in a hot spring. He was breathing by himself when rescued and transferred to our hospital 22 minutes later.
When arriving, he was conscious but disoriented. His body weight was 65 kg. His body temperature was 38.6˚C, the pulse rate was 122 beat per minute and regular, blood pressure was 206/110 mmHg, and his saturation of oxygen was 88% while receiving 15 L/min oxygen by reservoir mask. His skin was wet. Auscultation of the chest revealed coarse crackles at both lungs. No neurologic dysfunction was seen.
An electrocardiograph, chest radiograph, and blood tests were performed at the emergency room. The electrocardiograph revealed heart rate of 115 beat per minute with multiple premature ventricular contraction and premature atrial contraction. The QT interval corrected for heart rate was 0.404 second. The chest radiograph showed bilateral congestion (Figure 1 ). Laboratory data ( The serum Ca was extremely high, thus normal saline injection was initiated and subsequently intravenous furosemide and intramuscular calcitonin 40 IU per 12 hours were administered. The ionized Ca level rose to 4.38 mEq/L after two hours of his admission. The second hospital day, 12 hours after admission, the laboratory data showed serum Ca of 13.2 mg/dL, magnesium of 1.6 mg/dL and Cr of 1.42 mg/dL. The third hospital day, 36 hours after admission, the laboratory data showed serum Ca of 9.6 mg/dL and Cr of 1.55 mg/dL. Analysis of the 1470 mL of urine from up to 12 hours of his admission revealed Ca of 13.7 mg/dL. His respiratory failure improved and intratracheal tube was removed on the fifth hospital day. The serum Cr was normalized at 0.65 mg/dL on the sixth hospital day. The hypercalcemia took a transient course and did not recur (Figure 2) . He was well conscious and discharged on the fourteenth hospital day without any complaints.
In order to evaluate the cause of the hypercalcemia, additional examinations were performed. Laboratory data on the second hospital day (also showed in Table) was as follows; intact PTH of 12 pg/mL (normal range: 10 -65), PTHrP of <1.0 pmol/L (normal range: <1.1), 1,25-(OH) 2 D 3 of 32.1 pg/mL (normal range: 20 -60), calcitonin of 77 pg/mL (normal range: 15 -86), ACE of 5.1 U/L (normal range: 8.3 -21.4), SCC of 6.1 mg/mL (normal range: <1.5), CYFRA 5.8 ng/mL (normal range: <3.5) and NSE 12.7 ng/mL (normal range: <10). Some of the serum tumor markers were elevated, however that was considered to be a result of renal impairment. As the renal function improved, the tumor marker decreased within normal level on the tenth day. There were no evidence of malignancy in chest CT, pharyngoscope and esophagogastroduodenoscopy.
Then we examined the characteristics of the hot spring. The fluid contains much Ca of 240 mg/dL, which is very high concentration, compared with that of fresh water (1.5 mg/dL) and sea-water (58 mg/dL). It is considered that the hypercalcemia was due to the absorption of Ca contained in the fluid through the alveoli. 
Discussion
Near-drowning is a life-threatening accident and care for hypoxia is the mainstay of its treatment [2] . When a drowning patient can no longer hold the breath, some amount of water is aspirated into the airways. As a reflex response, coughing occurs and sometimes laryngospasm occurs. Water in the alveoli causes surfactant dysfunction and washout. This disrupts the integrity of the membrane, increases its permeability, and exacerbates fluid, plasma, and electrolyte shifts [3] . The combined effects of fluids in the lungs, loss of surfactant, and increased permeability of the alveolar-capillary membrane result in hypoxia.
It is well known that sea-water drowning and fresh water drowning bring different clinical conditions. It has only been emphasized the importance of discriminating the two. Sea-water drowning causes hypernatremia and dehydration. On the other hand, fresh water drowning causes hyponatremia and hemolysis [4] . These electrolyte changes in near-drowning victim are seldom thought to be a cause of death [2] . Hypercalcemia in near-drowning victim is a rare complication except for a certain situation [1, 5, 6] .
The patient's hypercalcemia had already appeared on admission. It was characterized by acute onset, transient course and no recurrence. In general, malignant tumor and primary hyperparathyroidism were responsible for almost of hypercalcemia [7] , but there was no sign or laboratory finding suggestive of these diseases. There was no family history, medications or medical history that could cause hypercalcemia. The hot spring water contained 240 mg/dL of Ca, so his hypercalcemia was probably due to absorption of Ca from aspirated fluid through the alveoli. It was supposed that gastrointestinal absorption of Ca played only a little part, because nasogastric tube was inserted soon after his admission and amount of fluid was aspirated. Milk-alkali syndrome, whose pathogenesis is excess intake of Ca, requires more than 4 gram of Ca intake regularly [8, 9] .
Modell et al. demonstrated in experimental model that change of sodium concentration occured within 5 minutes after injection of fresh water in alveoli [10] . Another case reports show that Ca absorption through alveoli precedes that from gastrointestinal tract [1, 5] . Analysis of the urine during the first 12 hours revealed that urinary excretion of Ca was 2013 mg. That is equal to about 83 mL of hot spring fluid. Oehmichen et al. reported that drowning led to an aspiration of only 2 -4 mL water/kg [11] . If the same process occurred in the present case, total amount of aspirated fluid was about 130 -260 mL.
Hypercalcemia induces functional disturbances in kidney, central nervous system, gastrointestinal tract and cardiovascular system [8] . Severe hypercalcemia, defined as serum Ca more than 14.0 mg/dL, often causes polyuria and alters mental status. Arrhythmia is also the manifestation of hypercalcemia and lethal arrhythmia in a near-drowning victim in the Dead Sea, in which Ca concentration is 1709 mmol/L, which have been reported [1] .
Serum Ca level was the most predictable factor than other electrolyte abnormalities in near-drowning in the Dead Sea and Ca levels of more than 15.5 mg/dL were significantly related to mortality [12] . Yagil et al. reported that serum magnesium level was also important in a near-drowning victim [1] . Although serum magnesium level on admission was not measured in our case, it seemed to be normal for the hot spring water containing much less magnesium. In managing hypercalcemia, volume repletion and induction of saline diuresis followed by loop diuretics are keys to therapy. Bisphosphonates are often used to malignancy induced hypercalcemia, but it takes 2 to 4 days to get its effect [13] . Calcitonin is an effective adjuvant and has a rapid onset, but its effect is transient and limited. It is difficult to know the exact reason of renal impairment in the present case, but hypercalcemia could have affected the renal function. The renal function improved as the serum Ca was normalized.
Here we report a case of acute and severe hypercalcemia in a near-drowning victim in hot spring due to the excessive Ca absorption mainly through the alveoli.
